Abstract: We examined 50 bones previously assigned to ''Gallirallus new sp.'' from the prehistoric (1,250-750 yr B.P.) Fa'ahia archaeological site on Huahine, Society Islands. Most of these specimens ðn ¼ 47Þ, representing nearly all major cranial and postcranial skeletal elements, belong to a medium-sized flightless rail that we name Gallirallus storrsolsoni. Three femora represent a second species of extinct rail that we name Porphyrio mcnabi. With the description of these two species of rails, the total number of extinct species of land birds from the Fa'ahia site stands at seven, consisting of two rails, two doves, two parrots, and a starling. Fa'ahia also has yielded bones of six other species of land birds that no longer exist on Huahine but survive elsewhere in Oceania.
Fossil bones from archaeological and paleontological sites on islands throughout Oceania have revealed extensive Holocene extinction of birds after colonization by humans and their commensals , Steadman 1995 , in press, Worthy and Holdaway 2002 . On a typical island in East Polynesia ( Figure  1 ), 50 to 100% of the species of land birds that existed at human contact do not survive there today (Steadman in press) . Especially prevalent among the East Polynesian extinct species are rails (Rallidae), most of which were flightless species endemic to single islands or to islands connected in the Pleistocene during periods of lowered sea levels. In this paper we describe two new species of rails from the Fa'ahia archaeological site on Huahine in the Society Islands.
The Fa'ahia site (Figure 2) was excavated by Yosihiko H. Sinoto and colleagues from 1973 to 1984 in cooperation with the Départ-ment de Archéologie, Centre Polynésien des Sciences Humaines, Tahiti (dapt). The cultural deposits at Fa'ahia were found submerged below the modern water table and contained exceptionally well-preserved organic materials, including wooden adze handles, tapa beaters, and parts of canoes (Sinoto 1975 (Sinoto , 1979 . Other objects preserved and recovered from Fa'ahia include nonhuman bones representing food items of all sizes (fishes, reptiles, birds, and mammals) and a wide variety of artifacts and ornaments made of bone, shell, or stone. By East Polynesian standards, Fa'ahia is an early occupation site with radiocarbon dates ranging from ca. 1,250 to 750 yr B.P. (¼ ca. A.D. 700 to 1200 [Sinoto 1983] ). We note, however, that the chronology of human colonization in East Polynesia (the Cook Islands eastward, including the Society Islands) has been debated for decades (Sinoto 1970 , Kirch 1984 , 1986 , Spriggs and Anderson 1993 , Conte and Anderson 2003 . Archaeological sites older than A.D. 1000 are scarce or absent in East Polynesia, although sedimentological and paleobotanical information suggests that people were present in the Society Islands and Cook Islands at least several centuries earlier than A.D. 1000 (Lepofsky et al. 1992 , Kirch and Ellison 1994 , Lepofsky 1995 . In spite of uncertainty in the chronology of first arrival, there is a consistent pattern of heavy exploitation of native birds early in the archaeologically preserved cultural sequence in East Polynesia, which typically begins at ca. A.D. 1000 (Dye and Steadman 1990 , Kirch et al. 1995 , Steadman and Rolett 1996 . In yielding bird bones that mainly represent extinct species, the zooarchaeological evidence from Fa'ahia agrees with this pattern.
Over 300 bird bones were obtained at Fa'ahia by screening the sediment through 0.25-in. (6.4-mm) mesh. Of 53 rail bones reported by Steadman and Pahlavan (1992) , three were from Porzana tabuensis, a small species that is widespread in Polynesia but that no longer occurs on Huahine. The other 50 bones were assigned to a larger, presumably undescribed, flightless rail, referred to as ''Gallirallus new sp.'' These 50 specimens are the basis of this paper. Fossil Rails from Huahine . Kirchman and Steadman (dmnh), Florida Museum of Natural History, University of Florida (uf), University of Michigan Museum of Zoology (ummz), National Museum of Natural History, Smithsonian Institution (usnm), University of Washington Burke Museum (uwbm), and Yale Peabody Museum (ypm). We examined these modern specimens: Porzana (Poliolimnas) cinerea, dmnh 72836, 72906; Porzana tabuensis, uwbm 42501; Gallirallus striatus, amnh 22981, usnm 85892, 559919, ypm 107205; G. torquatus, amnh 17715-17717, ummz 228275, 228280, usnm 290445; G. owstoni, uf 39918, 39920, 39921, usnm 561968, 611816, 612616, 613738-613744, 614233-614235, 614771, 614772; G. australis greyi, uf 24326, 24327; G. a. australis, ypm 102249, 110760, 110789, 110790, 110844 ulnae, uf 54901, 55215, carpometacarpi, uf 54700, 54988, femur, uf 51320, tibiotarsi, uf 54732, 54985, usnm 402895 (holotype), tarsometatarsi, uf 54761, 55223, usnm 402895 (holotype); G. vekamatolu humerus, uf 52333, ulna, uf 51734, femora, uf 52020, 52058, tibiotarsi, uf 51729, 52211, tarsometatarsus, uf 51991 (holotype) ; Porphyrio paepae femora, bpbm 165649, 166424, 166426, 166434, tibiotarsus, bpbm 165651, synsacrum, bpbm 165656. We follow Taylor (1998) for subspecies-level taxonomy.
Measurements were taken with dial calipers (Helios), rounded to the nearest 0.1 mm. To assess the degree of flightlessness in each species, we performed a principal components analysis (PCA) using the software package SPSS 13.0. Unweighted character means (natural [base e] log-transformed) for each species were used for the PCA. Characters used in the PCA were chosen on the basis of availability in fossil specimens from Huahine. Osteological terminology follows Baumel and Witmer (1993) .
comparative osteology and systematics Family Rallidae Genus Gallirallus Lafresnaye, 1841
We regard all ''typical long-billed rails'' from Oceania as species of Gallirallus sensu lato, distinguishing them from the similarly sized swamphens (Porphyrio), moorhens (Gallinula), and coots (Fulica), and the much smaller crakes (Porzana and Poliolimnas). This treatment departs slightly from the classification of Olson (1973a) , who provisionally retained woodfordi of the Solomon Islands and poecilopterus of Fiji in the genus Nesoclopeus but highlighted their close affinity with Gallirallus. Livezey (1998 Livezey ( , 2003 retained the genera Nesoclopeus, Tricholimnas, Cabalus, and Habropteryx for some species of long-billed rails but acknowledged the difficulty of establishing generic-level relationships in this group on the basis of osteology. We refer 47 of the fossils from Huahine to Gallirallus rather than to other genera of Oceanic rails because of the following characters. Skull: frontals narrow, concave. Rostrum: long, narrow, and shallow with elongate nares. Humerus: fossa pneumotricipitalis deep and wide with prominent crus ventrale fossae. Ulna: thin in cranial aspect with rectangular (rather than rounded) margo cranialis. Pelvis: ala preacetabularis ilii broadly continuous with crista dorsalis of synsacrum. Femur: distal end of corpus femoris becomes gradually wider; condylus medialis subcircular in medial aspect; impresso ansae musculo iliofibularis abuts suclus fibularis. Tibiotarsus: impresso ligamentum collateralis medialis deep and wide; facies articularis femoris large; condylus medialis subcircular in medial aspect. Tarsometatarsus: corpus tarsometatarsi much wider than deep; medial sulcus hypotarsi not enclosed; fossa metatarsi I short and shallow.
Gallirallus storrsolsoni Kirchman & Steadman, n. sp. Figures 3B; 4B ; 5B,E,H,K holotype. Complete cranium and rostrum, bpbm 166036 (Figure 3) .
paratypes. Crania, bpbm 166021, 166026, 168015, dapt 139; rostrum, dapt 21; vertebrae, bpbm 166024, 166025, 166035, 168001, 168002, 168078, dapt 13, 14, 25, 60, 61, 122, 143, 144, 145, 163; rib, bpbm 166018; sterna, bpbm 166017, 166027; humerus, bpbm 166022 (left [l] ); ulnae, bpbm 166033 (l), 168121 (l), 168150 (right [r]); radius, bpbm 168056 (r); carpometacarpus, bpbm 168165 (l); synsacrum, bpbm 166020; femora, bpbm 168131 (r), dapt 27/105 (r); tibiotarsi, bpbm 166023 (l), 166032 (r), 168028 (l), 168046 (r), 168123 (r), 168149 (l), 168170 (l), dapt 47 (r), 55 (l), 119 (l); tarsometatarsi, bpbm 166034 (r), 168124 (r), dapt 7 (r).
diagnosis. A medium-sized species of Gallirallus (Table 1) distinguished from congeners in Oceania as follows. Skull ( Figure  3 ): fossa temporalis deeply excavated, clearly emarginated by crista temporalis and extends australis and G. philippensis are combined, given that subspecific differences in size are much smaller than size differences between males and females.
Skeletal Element incisura intercondylaris wide, resulting from an obtuse angle between the condylus medialis and condylus lateralis; juncture of condylus medialis with facies caudalis of corpus tibiotarsis abrupt rather than gradually sloping. Tarsometatarsus ( Figure 5 ): corpus tarsometatarsi dorsoventrally flattened with a width-to-depth ratio (1.46) greater than in other species (1.21-1.36); viewed medially, the proximal one-third of corpus tarsometatarsi slopes toward the hypotarsus rather than being perpendicular to facies dorsalis. etymology. Named after Storrs L. Olson in recognition of his unparalleled contributions to the evolution, systematics, and paleontology of flightless rails on islands.
remarks. Gallirallus storrsolsoni is a medium-sized species that, in overall size, resembles G. owstoni, G. philippensis, G. striatus, and G. torquatus. It is larger than G. ripleyi and smaller than G. australis, G. vekamatolu, and G. woodfordi. Gallirallus storrsolsoni has a greatly reduced carina sterni, small wing elements, and stout leg elements as in its flightless congeners. The diagnosis of flightlessness is supported by morphometric comparisons with species of Gallirallus that are known to be either volant or flightless. Correlation coefficients of the first four principal components (PC), which together account for 99.4% of morphological variance, indicate that PC 1 describes variation in overall size and the degree of reduction of the carina sterni, ulna, and carpometacarpus, and that PC 2 is a description of keel and wing reduction, and leg-bone robustness (Table 2) . A plot of PC 1 versus PC 2, summarizing 96.5% of morphometric variance, clusters G. storrsolsoni with flightless rather than volant congeners ( Figure 6 ).
The material from Fa'ahia represents six individuals, minimally. Because of the excellent preservational environment at the Fa'ahia site, even the most delicate elements of the skeleton of G. storrsolsoni are known, including one partial sternum (uf 166027) that still retains the anterior margin of the carina. Outside the New Zealand region, such preservation is unique; all other Gallirallus species described from fossils, G. ripleyi (Mangaia, Cook Islands), G. huiatua (Niue), and G. vekamatolu ('Eua, Tonga), were considered to be flightless on the basis of limb-bone proportions (Steadman 1987 , Steadman et al. 2000 , Kirchman and Steadman 2005 .
Genus Porphyrio Brisson, 1760
We refer three femora from the Fa'ahia archaeological site (bpbm 166031, dapt 39, 53) to Porphyrio rather than the other genera of large Pacific rails (Gallirallus, Gallinula, Fulica) because of these characters: in proximal aspect, more obtuse angle formed at the junction of the impressiones obturatoriae and trochanter femoris; impressiones obturatoriae more prominent, leading to a more concave proximoposterior area of corpus femoris; similar size and position of the impressiones iliotrochanteria and linea intermuscularis caudalis; corpus femoris overall more slender; distal end of corpus femoris not expanded laterally until the epicondylus lateralis is reached; rotular groove more narrow; in posterior aspect, medial margin of Figures 7A, 8D holotype. Nearly complete right femur, bpbm 166031 (Figures 7, 8) .
paratypes. Distal left femur, dapt 53. Left femur lacking distal end, dapt 39. diagnosis. A small species of Porphyrio (Table 3) distinguished from congeners as follows: impressiones iliotrochanteris extends farther (more distad) along corpus femoris than in P. paepae; in lateral aspect, corpus femoris straighter than in all but P. paepae; in lateral aspect, crista trochanteris more rounded (less flared) on dorsal surface than in P. paepae; most proximal section of linea intermuscularis caudalis (¼ dorsalis) weakly developed (thicker and more protrudent in P. paepae).
etymology. Named after Brian K. McNab in recognition of his important research on the evolution and physiological ecology of flightless birds, especially rails, on oceanic islands. Figure 7 . Cranial (upper) and caudal (lower) views of femora of Porphyrio. A, P. mcnabi, holotype, bpbm 166031. B, P. paepae, bpbm 165649. C, P. martinicus, uf 42419. D, P. porphyrio, uf 39407. Scale bars ¼ 50 mm. 
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Note: Some measurements of P. porphyrio and P. martinicus are from Steadman (1988) .
remarks. Porphyrio mcnabi is a small species that, in overall body size, resembles P. paepae and P. martinicus. It is larger than P. flavirostris and P. alleni and is exceeded in size by P. porphyrio, P. mantelli, P. hochstetteri, P. kukwiedii, and Porphyrio undescribed species A and B (see later in this section). The three femora of P. mcnabi were among the 50 bones listed as ''Gallirallus new sp.'' in Steadman and Pahlavan (1992) . It is likely that bpbm 166031 represents an adult female (smaller), whereas dapt 39 (left) and dapt 53 (right) represent a single juvenile male (larger). That dapt 39 and 52 are from a juvenile is supported by their porous surfaces, thin-walled shafts, and being slightly more gracile than would be expected in an adult.
Lacking elements of the wing or pectoral girdle, we cannot say whether Porphyrio mcnabi was flightless. The extant P. martinicus, P. flavirostris, P. alleni (all small), and P. porphyrio (large) are all volant. The four very large, extinct species (P. kukwiedii of New Caledonia, P. mantelli of New Zealand, Porphyrio undescribed species A of New Ireland, Bismarck Archipelago, and Porphyrio undescribed species B of Buka, Solomon Islands) all were flightless, as is the very large, extant P. hochstetteri of New Zealand (Balouet and Olson 1989, Worthy and Holdaway 2002, Steadman in press ). The small, extinct P. paepae of the Marquesas had somewhat reduced wings but perhaps was still volant (Steadman 1988) . discussion Flightlessness Rails are developmentally predisposed to become flightless (Olson 1973b , Feduccia 2000 , and scores of neotenic flightless species have evolved independently on oceanic islands that lack indigenous placental carnivores. The hypothesis that flightlessness evolves as a means of energy conservation is supported by the basal metabolic rates in flightless species of insular rails being lower than those of their volant relatives (McNab 1994a,b) . This finding, coupled with the observation that metabolic rate also correlates positively with relative pectoral muscle mass (McNab 1994a (McNab , 2002 , suggests that selection for reduced pectoral and wing musculature is the likely cause of insular avian flightlessness.
Skeletons of flightless rails are distinguished from those of volant relatives by having reduced sternal keels (carina sterni) and shorter, thinner wing bones. Livezey (1998 Livezey ( , 2003 has shown that the degree of reduction of pectoral elements varies greatly even among flightless species. Indeed there appears to be a continuum of wing reduction among flightless rails that mirrors the graded reduction in energy expenditure (McNab 2002) . Our morphometric analysis of Gallirallus skeletons indicates that some species, such as G. australis, have greatly reduced carina sterni and wing elements, whereas other extant species known to be flightless, such as G. owstoni, seem to be near the threshold of flight.
Biogeography
Of the G18 living and extinct species of Gallirallus sensu lato that have been named, all but two are flightless species endemic to Oceania on single islands or on multiple islands that were connected during the late Pleistocene period of lowered sea levels (Steadman 1987 , in press, Diamond 1991 , Mayr and Diamond 2001 . The two extant, volant species, G. torquatus and G. philippensis, are sympatric in the Philippines, Sulawesi, and New Guinea, although the latter species is very widespread, its distribution extending south to Australia and New Zealand and east in Oceania to Samoa. Flightless species of Gallirallus have evolved on nearly all major archipelagos in Oceania from the Ryukyu Islands of southern Japan, south to New Zealand's Chatham Islands, and east to the Society Islands. Bones (still undescribed) of Gallirallus also have been found in archaeological sites on four islands in the Marquesas (Steadman 1989a, Steadman and Rolett 1996) . Gallirallus apparently never made it as far northeast in Oceania as the Hawaiian Islands or as far southeast in Polynesia as Henderson Island, both of which have good Holocene fossil bird records , Wragg 1995 ).
Fossil Rails from Huahine . Kirchman and Steadman Gallirallus storrsolsoni is not the only species of flightless rail known from the Society Islands. The extinct G. pacificus was discovered on Tahiti by naturalists from Captain James Cook's second voyage (1777), but no specimens exist, and the species is known only from a painting by Georg Forster. The plumage, soft-part colors, and bill shape make it clear that pacificus is correctly accomodated in Gallirallus. Measurements made by Storrs L. Olson in 1998 (pers. comm.) from Forster's original, full-scale painting in the British Museum of Natural History indicate that G. pacificus was a much smaller rail than G. storrsolsoni. For example, the culmen (with epidermal sheath) in G. pacificus is 28.8 mm, whereas the rostrum (without epidermal sheath) in G. storrsolsoni is 36.5-41.0 mm ( Table 1 ). The tarsus (incuding scutes) in G. pacificus is 33.8 mm, whereas the tarsometatarsus (without epidermal sheath) in G. storrsolsoni is ca. 48.5 mm, based on a composite of two incomplete specimens (dapt 7, bpbm 166034). Gallirallus pacificus is presumed to be flightless on the basis of the short wings in the painting; although this is likely, in the absence of specimens it cannot be verified in the painting. The possible former existence of G. pacificus on Mehetia (Taylor 1998 ), a small island 110 km east-southeast of Tahiti, is unsubstantiated and doubtful.
Based on its geological and geographical setting, any flightless species on Huahine is likely to have been endemic to the island. The geological age of Huahine is ca. 3 million yr (Dickinson 1998) . It is an eroded volcanic island surrounded by a broad fringing reef, outside of which the water becomes very deep. The nearest island is Ra'iatea, ca. 35 km to the west. Huahine never was connected to any other island, even during the lowered sea levels of Pleistocene glacial intervals, when Ra'iatea still would have been ca. 30 km away.
The genus Porphyrio is widespread in tropical and subtropical lowlands. Two extant, volant species, P. martinicus and P. flavirostris, are confined to the Americas. All other species are from the Old World, with extant, volant P. alleni in Africa and the larger, extant, volant P. porphyrio very widespread from southern Europe and Africa eastward across southern Asia, Indonesia, and Australia to Oceania as far east as Fiji, Tonga, Samoa, and Niue (Taylor 1998:464, 465) . No species of Porphyrio inhabit East Polynesia today. The radiation of certainly or presumably flightless species of Porphyrio is confined to Oceania (Balouet and Olson 1989, Worthy and Holdaway 2002, Steadman in press ). The only flightless species that still exists is P. hochstetteri from South Island, New Zealand. Known extinct forms of Porphyrio are P. mantelli (North Island, New Zealand), P. albus (Lord Howe Island), P. kukwiedii (New Caledonia), and Porphyrio undescribed sp. A (New Ireland) and sp. B (Buka, Solomon Islands). Each of these species was as large as or larger than the massive P. hochstetteri, which is the largest extant form.
Finally, Porphyrio paepae was a smaller, probably flightless swamphen that is known from Hiva Oa and Tahuata, two islands only 3 km from each other in the Marquesas (Steadman 1988) . At the time of its description, P. paepae was the only species of Porphyrio known from East Polynesia. The discovery of P. mcnabi in the Society Islands helps to bridge the formerly huge distributional gap of the genus (from Niue to the Marquesas) and strengthens the likelihood that a substantial radiation of swamphens once existed in East Polynesia. At this point, we cannot say whether this radiation was of Old World or New World origin. Osteological synapomorphies that ally P. paepae and P. mcnabi with either the New World species (P. martinicus, P. flavirostris) or the Old World P. porphyrio s.l. have not been discerned. Given the propensity in P. martinicus and P. flavirostris for unpredictable, long-distance dispersal (Remsen and Parker 1990) , the geographic origin of East Polynesian Porphyrio species remains an open question.
Avian Extinction on Huahine
The Fa'ahia archaeological site contained the bones of 15 resident species of seabirds, three migratory species of shorebirds, and 16 species of resident land birds (Steadman and Pahlavan 1992, Steadman in press) . Of the 15 seabirds, 12 no longer occur on Huahine, including the extinct gull Larus utunui (Steadman 2002) . The other 11 species of seabirds still are found, at least locally, elsewhere in Oceania. Each of the migratory shorebirds, on the other hand, may visit Huahine seasonally today. Of the 16 species of land birds from Fa'ahia, 13 no longer occur on Huahine. They consist of the locally extripated heron Butorides (Ardeola) striatus, rail Porzana tabuensis, dove Gallicolumba erythroptera, pigeons Ducula galeata and D. aurorae, and warbler Acrocephalus caffer. Aside from Gallirallus storrsolsoni and Porphyrio mcnabi, the extinct species of land birds from Fa'ahia include the doves Gallicolumba nui and Macropygia arevarevauupa, lorikeets Vini vidivici and V. sinotoi, and starling Aplonis diluvialis (Steadman and Zarriello 1987 , Steadman 1989b .
The survivors are the very widespread heron Egretta sacra and two species endemic to the Society Islands, the dove Ptilinopus purpuratus and kingfisher Halcyon tuta. Also extant on Huahine is the very widespread duck Anas superciliosa, which was not found among the bird bones from Fa'ahia. Two additional species of land birds, the lorikeet Vini peruviana and swiftlet Collocalia leucophaea, are unknown at the Fa'ahia site but were recorded from Huahine in the nineteenth century, although they no longer persist on the island (Steadman in press). Altogether, 19 species of land birds have been recorded from Huahine, which is the same number that is known from much-larger Tahiti, which has no fossil record of birds. If the prehistoric bird community of Huahine were entirely revealed, we believe that it also would include a species of Prosobonia sandpiper, Cyanoramphus parrot, and Pomarea monarch, three genera recorded on at least two other islands in the Society Group.
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